Energy in the form of electricity is of key importance for economic development. South Africa has historically relied primarily on coal for electricity generation, making the electricity sector one of the dominant greenhouse gas emitters. Renewable energy and technologies have the potential to provide solutions such as greenhouse gas emission reduction, diversification of the energy mix, and job creation through manufacturing and industry development. Although South Africa has one of the best resources for wind, solar and biomass, the current renewable energy utilization for electricity generation is less than 2 % of the total electricity generated. The last decade has subsequently been devoted to create renewable energy policies, incentives and plans in order to provide an enabling environment for renewable energy development. However, the deployment of renewable energy projects has (still) been slow. This study therefore provides an overview of the current status of policy and incentives that impact renewable electricity generation, the current renewable electricity generation initiatives, and challenges related to its development in South Africa. The policy implications and recommendations to support future development of renewable electricity generation include: establishing a single coordinating agency or authority; creating public awareness; providing financial support guarantees; and capacity building and skills development.
Introduction
Energy plays a critical role in the development of any nation's economy. The main challenges facing the energy sector globally are ensuring that the growing demand is met while at the same time providing security of supply and reducing greenhouse gas emissions (Zahedi, 2010) . South Africa is energy and carbon intensive in comparison to other African countries. The energy sector is the main contributor of greenhouse emission as the country relies heavily on fossil fuels (Blignaut, 2005) . In 2007, 84% of the total primary energy share was from fossil fuels, of which 72% was from coal and 12.40% from oil (see Figure 1 ). The renewable energy contribution, which is only about 11% (Figure 1 ), is mainly fuel wood that meets the daily needs of more than one third of the South African population, particularly in the rural areas.
The electricity sector in South Africa contributes to over 60% of the greenhouse gas emissions in the energy sector (Blignaut et al., 2005) . The electricity generation by fuel type (Figure 2) shows the historical reliance on coal for electricity generation. The share of coal in electricity generation is more than 90% of the total electricity generated in South Africa (Republic of South Africa, 2009) while renewable electricity generation contributes around 2% (United Nation Statistics Division, 2009). The renewable energy contribution has mainly been confined to non-grid electricity generation (Winkler, 2005) .
The electricity demand in South Africa comes from five sectors. These are: industry, transport, agriculture, commerce and residential. Of these, industry has been the largest consumer of electricity (Department of Energy, 2009) . In 2006, this sector accounted for 60% of the total energy demand (Table) . Over the years, the total electricity demand has been increasing ( Figure 3 ) and as a result, the electricity reserve margin has been declining. As an illustration, the reserve margin declined from 25% in 2002 to 20% in 2004 and afterwards to 16% in 2006 (Odhiambo, 2009 . The declining electricity reserve margin intensified in 2008 and the country experienced its worst black-outs with substantial economic losses.
In order to improve electricity security and avoid further black-outs, there was a need to manage demand and supply through, respectively, demand side management strategies and electricity capacity expansion. As a last resort, the South Africa's national electricity utility, Eskom, intervened by embarking on load-shedding in order to better align the electricity generation with demand and at the same time maintain a reasonable electricity reserve margin (Odhiambo, 2009 ). This was followed by capacity expansion by Eskom, which included: (i) returning to service previous mothballed plants; and (ii) the start of construction of two coal-fired power plants (Medupi and Kusile) and a pumped storage scheme (Ingula) (Edkins et al., 2010) . The installed capacity for these plants 1 will be 4788 MW (for Medupi), 4800 MW (for Kusile) and 1.2 GW (for Ingula).
While Eskom's response was necessary to ensure short-term electricity security, the South African government's long-term energy policy goals is the establishment of conditions of security, stability and environmental protection. With such competing goals, the support for sustainable electricity generation becomes indispensible. Renewable energy offers an opportunity to reduce carbon emissions, enhance energy diversity, promote economic development, and aid the transition towards a sustainable path.
The potential for renewable electricity generation in South Africa is high (Pegels, 2010) and this is supported by various studies (Howells, 1999; DME 2002a; 2002b cited in Winkler, 2005 . However, unlike a number of other countries that are embracing renewable electricity generation and paving the way for new initiatives, Africa, and particularly South Africa, still lags behind in such initiatives (South Africa National Energy Association, 2010). While electricity generation from coal is considered as the short-term best option, in the medium-to long-term, there is need to diversify the electricity generation mix due to environmental issues related to coal generated electricity. The recently approved Integrated Resource Plan (IRP2010) provides support for such a development and it indicates that 42% of the new built capacity will be from renewable sources by 2030 (Department of Energy, 2011). The South African Department of Energy also set out the first phase of renewable energy bidding process of a total capacity of 3725 MW (Creamer, 2011a) .
Renewable electricity generation, however, faces a number of general challenges and barriers that limits its widespread deployment. These can be classified as: natural factors, economic and financial factors, institutional and regulatory barriers, infrastructure barriers, research and development, human resources barriers, infrastructure and social barriers (Painuly, 2001; Ghosh et al., 2001; Junfeng, 2002; Reddy, 2002; Fakir and Nicol, 2008; Mirza et al., 2009; Pegels, 2010; Edkins et al., 2010) . Thus, in order to ensure sustainable renewable electricity generation, proper planning and efforts accounting for these challenges and problems that may affect such development is required. While South Africa is pursuing programmes of generating electricity from coal, the renewable energy sources provide alternative options, which also need to be pursued. Thus, this paper provides the current policy and incentives that affect renewable electricity generation, as well as the status of developments, in South Africa. The general barriers to the deployment of these electricity generation technologies, with reference to South Africa context and the policy implications, are then discussed.
Policy Documents and Incentives that Affect Renewable Electricity Generation in South Africa

White Paper on renewable energy, 2003
This is the founding document aimed at promoting renewable energy development in South Africa. The White Paper set a target of 10 000 GWh of renewable energy contribution to final energy consumption by 2013, to be produced from biomass, wind, solar and small-scale hydro (Department of Minerals and Energy, 2003) . Almost a decade down the line, it is not yet documented how much of this target has been achieved thus far, although it is believed to be negligible.
Electricity regulation Act as Amended, 2006
One of the main objectives of this Act is to promote the use of diverse energy sources. Within the Act, the Minister of Energy, in consultation with the National Energy Regulator South Africa (NERSA), may determine "the energy sources from which electricity should be generated, and the proportion of electricity that should be generated from such sources" (Republic of South Africa, 2006).
Renewable energy feed-in tariff, 2009 & 2011
The South African government identified available financing as one of the barriers to renewable energy development. As a result, the renewable energy feed-in tariff (REFIT) was announced in 2009. In 2011, NERSA published a proposed review of the 2009 tariffs (Table 2) , although these were never implemented. In the same year, REFIT was no longer favoured by the government as it was found unconstitutional. The first phase of the renewable energy procurement process thus abandoned the REFIT in favour of competitive bidding, which popularised the term REBID 2 .
Electricity regulations on new generation capacity, 2009
The electricity regulations apply to all technologies, including renewable energy. Their main aim is to regulate the entry by a buyer and an independent power producer (IPP) into a power purchasing agreement (Department of Energy, 2009).
Integrated Resource Plan (IRP), 2010
The primary objective of the IRP is to determine the long-term electricity demand and indicate how this demand should be met in terms of the generation type and timing. Currently, the IRP 2010 allocates 17800 MW (42%) of renewable based electricity generation by 2030 (Department of Energy, 2009). The IRP is expected to be reviewed regularly (every two years) as new information and data becomes available.
New Growth Path, 2010
The new growth path plan sets an ambitious goal of creating 5 million jobs by 2020. The new growth path does not provide what model was used to achieve this target and how it would be achieved. It, however, assumes that this target will mainly be achieved from the private sector. Among the sectors that are expected to contribute to this job creation is the 'green' industry sectors -of which renewable energy forms part.
Industrial Policy Action Plan (IPAP), 2011
South Africa has developed and implemented a number of IPAP versions. In the 2011 version, the IPAP highlights some of the plans in the renewable energy sector, which are mainly aimed at developing competitive local manufacturing for renewable energy technologies such as solar (concentrating solar thermal and photovoltaic) and wind (Department of Trade and Industry, 2011).
Independent System and Market Operator (ISMO) Bill, in progress
This bill aims at establishing the ISMO as a company responsible for the planning of the electricity supply by electricity generators through the national transmission system, electricity dispatch and aggregation in respect of the sale of electricity (Department of Energy, 2011). The ISMO is intended to act as the buyer of electricity from the generators in South Africa, and also a seller to its customers, and should do so in a manner that minimise the overall cost of electricity to customers (Department of Energy, 2011).
New buildings and home upgrade regulations, in progress
Based on the IPAP 2011, the South Africa Department of Trade and Industry (DTI) intends to amend the national building regulations in order to make it compulsory to install solar water heaters in all new buildings and upgrades to homes (Gedye and Donnelly, 2011) .
Climate change policy white paper, in progress
The policy is still under development and it is aimed at assisting in the scale-up of the clean-, low-carbon-technology market in South Africa. It was expected to be tabled to the parliament in June 2011 but this has not yet occurred (van der Merwe, 2011).
Status of Renewable Electricity Generation Development in South Africa
The renewable energy resources that have the potential for electricity generation development in South Africa include: wind, solar, biomass and hydro. Their current status and their potential for development are discussed in the following sub-sections.
Wind energy
Wind energy is one of the thriving renewables in the global arena and its use has been on the increase (Global Wind Energy Council, 2009 ). In South Africa, there is the potential for electricity generation from wind energy along the coastal areas (Asamoah, 2003; Sebitosi and Pillay, 2008) , particularly in the Western Cape Province and parts of the Eastern Cape Province, and the Northern Cape Provinces (Hagemann, 2008) . According to Szewczuk and Prinsloo (2010) , several studies provide estimates of the wind energy potential in South Africa and range from a low of 500 MW to a high of 56000 MW.
Status of wind electricity generation
The present situation into the applicability of wind energy development in South Africa is largely driven by the private sector (ESASTAP, 2005) . Darling wind farm is the first commercial initiative for wind electricity production, which was launched in 2008 (Davenport, 2008) . This was developed as a national demonstration project, located 70 km north of Cape Town and has an installed capacity of 5.2 MW. The phase II of the Darling wind farm will entail installing six 1.3 MW wind turbines that will result in a total installed capacity of 13 MW.
Another wind initiative is Klipheuwel, which is a research and demonstration project funded by Eskom at a cost of R42 million. The project is aimed at demonstrating the characteristics of three wind turbines, namely: the Danish Vestas V47, which has an installed capacity of 66 kW, and V66 with a 1.75 MW installed capacity and the French Jeumont J48 with a capacity of 750 kW (Smit, 2008) . Eskom started generating the electricity from these three wind turbines with the aim of investigating the viability of large scale wind energy for electricity generation in South Africa (van der Merwe, 2009a). Eskom's future wind development is an additional 100 MW installed capacity at the Koekenaap wind farm.
There are other developers that have initiated some wind energy projects but have not been able to reach the implementation stages. For instance, according to the IRP, the South African government committed 700 MW to be generated from wind energy by 2013 (South Africa Alternative Energy Association, 2010). In the first phase of the renewable energy bidding process, this capacity was upped and 1850 MW was allocated for onshore wind (Creamer, 2011a) . However, the prevailing thought is that up to 5 000 MW of wind power could be developed within a five year period (Bond, 2011) . The wind energy projects that are being developed would therefore need to compete for the off-take of their power. These decisions would likely be based on affordability, especially regarding grid connection, as well as the broad-based black economic empowerment shareholding of a project (Pieters, 2009 ). In the integrated resource plan, the long-term future wind energy development is to reach 8400 MW by 2030 (Department of Energy, 2011).
Solar energy
Solar power is a renewable energy that taps the sun's energy to produce electricity through a solar thermal system or by photovoltaic systems. In South Africa, there is an enormous potential for the development of solar energy since the country has 24% of the world's best winter sunshine area (Figure 4 ), as well as some of the best annual irradiation (Holm et al., 2008; Fluri, 2009 ).
The IRP also allocates a large portion of grid-connected electricity generation from solar. The planned allocations for solar technologies are 8400 MW by 2030 for large-scale photovoltaic (PV) and 1000 MW for concentrating solar power (CSP) by 2030 (Department of Energy, 2011). Thus, photovoltaic (PV) is expected to play a key role at a utility scale in South Africa. The first phase of the solar energy development as per the renewable energy bidding process is 200 MW for concentrated solar thermal and 1450 MW for photovoltaic (Creamer, 2011a) .
Status of electricity generation from solar
Currently there is no existing medium-to large-scale electricity generation from CSP and PV in South Africa. There is only a 24 kW dish Stirling plant that was built as a demonstration at the Development Bank Southern Offices in Midrand, Johannesburg in order to coincide with the World Summit on Sustainable Development (United Nations Industrial Development Organizations, 2003) . Photovoltaic technologies on the other hand are not only applicable at utility scale, but also have a potential at small scale such as household and industry systems. Small-scale PV has been used for electricity generation for telecommunications, electronic media and lighting in remote areas that are far from the grid (Edkins, 2010). The estimated installed solar PV capacity in South Africa is around 12 MW (van der Merwe, 2009b).
While there are no utility-scale solar technology plants, there are, however, a number of feasibility studies that are underway to develop plants of such a scale. For instance, one of the programmes to tap solar energy is the Solar Park in the Northern Cape Province. The proposed capacity of the solar park is 5 GW by 2020, in which the first phase is planned to develop 1 GW by 2016 (Department of Energy, 2010).
Hydro power
Hydro power schemes convert the potential energy of the water flowing with a certain fall into usable energy, and can be categorised in different scales. This ranges from pico-hydro with up to 20 kW power output to macro-hydro that is greater than 10 MW power output (Table ) .
Status of electricity generation from hydropower
South Africa is a water scarce country (Blignaut and van Heerden, 2009 ) with an average rainfall of 500 mm per annum. The potential to develop hydropower is thus limited to pico-, micro-, mini-and small-hydro. These are mainly situated in dams, pipelines and canals. The current installed capacity for these categories is 38 MW and the estimated potential is 247 MW (see Table ) .
The opportunities for developing pico-, micro-, mini-, and small-hydro in South Africa, include, among others (Barta, 2011) : (i) the upgrade of the existing plants that are owned by the Department of Water Affairs and municipalities -this has a potential to generate up to 70 GWh per annum; (ii) setting up hydro power stations on existing or new dams -currently, there are about 300 dams that are suitable for this development and have a potential to generate up to 500 GWh per annum; (iii) inter-basin water transfers, which has a potential to generate up to 300 GWh per annum; (iv) making use of the municipal or water distribution systems and has a potential to generate between 250 and 500 GWh per annum; and (v) if storage is regulated, developing hydro in "Greenfields". The first phase of renewable energy bidding process only allocated 75 MW for small-scale hydro power (Creamer, 2011a) .
South Africa can also benefit from macro-hydro by importing from its neighbouring countries that have a huge hydropower development potential, from pumped storage, and from dams/transfers (see Table ) . Currently, South Africa has an installed capacity of 1580 MW and 662 MW from pumped storage and dams/transfers respectively.
The potential for South Africa to utilize imported hydropower is large and the current imports amount to 1450 MW (Table ) . The largest import potential is mainly from Democratic Republic of Congo (DRC), Mozambique and Zambia, with available development potentials of 60000 MW, 12500 MW and 6000 MW respectively (Table ) .
Biomass
Biomass is a renewable energy resource derived from wastes of various human and natural activities. The energy from biomass can be categorized into two distinct sources, namely: wood and waste. The main contributors to woody biomass resources include: timber industry, agricultural crops and raw materials from forestry. Waste is derived from municipal solid waste and manufacturing waste.
Currently, most of the renewable energy in South Africa is derived from biomass. According to Lynd et al. (2003) South Africa produces around 18 million tonnes per annum of agricultural and forestry residues (Table 6 ). In addition, they indicated that the invasive alien species would produce more than 8 million tonnes per annum. Marrison and Larson (1996) also projected that South Africa has a potential to provide an additional 67 million tonnes of energy crops on 10% available land. This available land excludes the forest land, crop land and wilderness (Marrison and Larson, 1996) . As observed in Table 6 , there is potential to use biomass from agricultural wastes and wood residues for energy production.
Status of electricity generation from biomass
There are a number of technological options available to make use of a wide variety of biomass types to generate energy. Conversion technologies may release the energy directly, in the form of heat or electricity, or may convert it to another form, such as liquid biofuel or combustible biogas. In South Africa, the estimated electricity generation from biomass amounts to about 20 MW (CaBEERE, 2004 cited in Holms et al., 2008 . This might be slightly higher given the current interest in the landfill waste to electricity generation in South Africa. In 2010, a 7.5 MW landfill gas to energy was inaugurated in eThekwini Municipality (Durban). This is the first plant of this kind in South Africa. Though the plant is not connected to the national grid, the electricity generated is utilized by the municipality, hence decreasing its demand for electricity from the national grid. In addition, the power utility in South Africa has been looking into the potential of using the biomass from municipal waste and wood-based biomass for firing or co-firing the existing coal plants (Thomaz, 2009; de Bruyn, 2010) . The amount of electricity generation that was allocated in the current renewable energy bidding process is 12.5 MW for both biomass and biogas, and 25 MW for landfill gas capacity 
Challenges for Sustainable Electricity Generation Technology Development in South Africa
The challenges and barriers that affect the deployment of renewable electricity generation need to be accounted for in the short-, medium and long-terms in order to ensure their sustainable development. A discussion of these barriers with specific reference to South African condition is provided in the sub-sections.
Natural barriers
The natural barriers include the resource availability to develop the renewable electricity generation technologies. South Africa, for instance, is water scarce and hence it has a limitation on the extent to which hydro power can be developed. Only small-hydro plants can be developed within South Africa. In a similar manner, wind resource in South Africa is mainly concentrated along the coastal areas and hence it cannot be developed in all the provinces of South Africa. On the other hand, all the provinces of South Africa have a potential to develop solar power technologies (Fluri, 2010; Pegels, 2010) , although the availability of water for the power block remains problematic in terms of providing conventional wet cooling.
Economic and financial barriers
The economic barriers to renewable energy development in South Africa include risk and cost of investment (Pegels, 2010) . The low predictability and uncertainty of the renewable energy capital return on investment often limits the financial support and mechanisms in the form of grants and loans for the renewable electricity technologies. This is because these investments are not very attractive particularly with the high interest rates. This lack of financial support for the potential investors is thus a major barrier to the medium-to large-scale deployment of the renewable electricity generation in South Africa.
On the other hand, the cost of developing the renewable electricity generation technologies, the use and maintenance thereof, is still high compared to the conventional technologies such as coal or natural gas. South Africa's long history of supplying cheap electricity due to a dramatic over-capacity expansion programme in the 1970s has made renewable energy generation less competitive (Edkins et al., 2010) . In order to overcome this challenge, South Africa had published renewable energy feed-in-tariff (REFIT) scheme in 2009 and a proposed review for these tariffs in 2011 (Table 2) . However, the REFIT was abandoned in favour of competitive bidding (Creamer, 2011b) . This created mixed reactions where some new risks were being identified (Creamer, 2011c) , while in other cases the bidding process was embraced (Creamer, 2011d) . Thus, the general perception of the bidding process and the uncertainty it has created to the renewable energy developers is unclear.
Institutional and regulatory barriers
Electricity generation at medium-to large-scale requires a number of legal and regulatory prerequisites by different government departments/stakeholders and authorities. The consequence is that there are too many agencies that are involved and it takes a long time to approve and issue licences such as the environmental impact assessment licences and generation licences (Edkins et al., 2010) . The regulatory requirements by the different government departments are also uncoordinated. This implies that the electricity generation developers may be required to submit similar information and documents to the different departments or agencies. All these institutional and regulatory barriers have been cited by the developers as one of the largest hurdles in deploying renewable energy (Fakir and Nicol, 2008) , and are summarized in Table 7 .
Social barriers
Social barriers of renewable electricity development include the possibility of rejection of such projects by the local authorities and communities (Amigun et al., 2011) . In many cases, there is always a divergence in the attitudes of the renewable energy technologies at national, regional and local levels. In order to ensure successful implementation of renewable electricity generation, there is a need for public awareness concerning the renewable energy projects. This is because renewable electricity projects require resources such as land (private or communal), which has other competing uses. In cases where the land is communally owned, there is a definite need to gain community acceptance. As observed by Amigun et al. (2011) , land is considered as an inheritance and the successful implementation of renewable energy projects requires the government and project developers to work closely with the communities in the areas / regions earmarked for these developments.
Human resource barriers
Trained manpower capable of developing and manufacturing renewable energy technologies is a prerequisite for its successful deployment. Most renewable energy technology development will not only require low-skilled manpower, but also highly skilled, technical manpower. The South African government has put much emphasis on job creation in the development of renewable energy. While the need for creating jobs is recognized, the manpower resources, as well as skills of management and use of technology and equipment, are still limited. It is thus necessary to clearly outline how the supply of skilled and technical manpower will be achieved. In addition, it is necessary to identify and understand the training needs in this new field within South African context.
Infrastructure
Developing new renewable resources requires large initial investments to build infrastructure. These investments increase the cost of providing renewable electricity, especially during early years. Examples include the following:
 Prospecting: developers are required to find publicly acceptable sites with good resources and with access to the transmission system. The development of the transformers and transmission lines to evacuate the renewable energy capacity requires long lead times. It also takes time to investigate the suitability of developing renewable energy in specific sites. For instance, the potential wind sites can require several years of monitoring to determine whether they are suitable.  Permitting: permitting issues for conventional energy technologies are generally well understood, and the process and standards for new capacity are well defined. In contrast, renewables often involve new types of issues and ecosystem impacts. And standards and regulations are still in the process of development.
Policy Implications
The Intergovernmental Panel for Climate Change (IPCC) report on technology transfer clearly highlights the role of governments in facilitating technology transfer (Intergovernmental Panel for Climate Change, 2000) , which is also applicable for renewable electricity generation technologies. The roles that are identified include the removal of barriers to technology transfer; capacity building both human and for institutions; providing an enabling environment that is suitable for the investment, provision of infrastructure for research and development; and information transfer and provision of support mechanism for renewable energy deployment.
From a policy perspective, the promotion of the renewable electricity generation technologies requires the identification of the barriers to such development and designing policy actions that facilitate the move towards implementation and operationalization of the renewable electricity deployment in order to overcome the barriers discussed above. Some measures suggested here include:
i. The standardization of regulatory requirements from the different departments and authorities could minimize the regulatory requirement challenges. In addition, the establishment of a single authority or agency that may coordinate all the regulatory requirements may reduce the time delays and provide coordination between the different departments involved.
ii. In order to reduce the public resistance towards the development of renewable electricity generation technologies, there is a need to keep the public informed on the economic, social and environmental impacts of such developments in order for them to make informed choices. Public participation and engagement, specifically with those who might be impacted by renewable electricity development, may help in minimizing the delays in developing these projects.
iii. There is a need to provide financial mechanism that supports renewable electricity generation technologies in South Africa. Currently, the renewable energy feed-in tariffs were abandoned in favour of competitive bidding (currently termed as REBID). The window phase between the revision of the 2009 tariffs and the adoption of REBID created uncertainty of the uptake of renewables. While REBID is being embraced by some developers, there is still the need to be able to provide support mechanisms and guarantees that will enable the investors and developers to obtain financial support from the banks. This is in particular, for the small-scale developers that will mostly be local investors.
iv. Capacity building, skills development and technology transfer requires government support as this will also be needed, not only for the development of the generation plants, but also for the manufacturing industries to provide the necessary inputs. The Industrial Policy Action Plan (IPAP) does provide some of the local content for the various parts of the renewable energy technologies. To successfully achieve this, there is an urgent need for technology transfer from abroad in order to provide technical assistant programmes that are aimed at increasing the understanding of the renewable electricity generation technologies for the research institutions regulators, electricity utility and independent power producers.
In doing so, this may play a key role in economic growth and job creation in the country.
Conclusion
The potential for developing renewable electricity generation in South Africa, particularly wind, solar, biomass and small-scale hydro, is recognized. The current policy in South Africa, in particular the Integrated Resource Plan (IRP), provides a platform for the development of renewable electricity generation. In addition, the announcement and start of renewable energy bidding process sets in motion the large-scale implementation of renewable electricity generation. While these form initial strides towards the actualisation and bringing large-scale renewable electricity into the grid, there still exist a number of challenges that need to be addressed. Policy actions and strategies need to be designed in such a way that they can facilitate the implementation and operationalization of renewable electricity technologies. Some policy recommendations that have been highlighted in this study include: establishment of single coordinating agency or authority; public awareness; financial support guarantees particularly for local small-scale investors; and capacity building and skills development. 
